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ABSTRACT

Objective: Controlled clinicd trid data have suggested that identifying asymptomatic CF
patients through newborn screening (NBS) improves hedth outcomes of affected children in the
first decade of life. However, it is unclear whether these improvements aso include areduction
in risk for bronchid infection, the mgor determinant of CF morbidity. The authors therefore
investigated the association between early CF diagnosis and acquisition of Pseudomonas

aeruginosa (P. aeruginosa), the mgjor bronchid pathogen, in the first decade of life.

Methodology: Longitudina dataon 3,625 CF patients diagnosed between 1982-1990 and before
36 months of age were ascertained from the National Cystic Fibrosis Patient Registry. We
compared P. aeruginosa acquistion in the first ten years of life among four groups. EAD-early
asymptomatic diagnosis (<6 weeks, by pre/neonatal screening, genotype, family history)

(n=157); ESD—early symptomatic diagnosis (n=227); LAD-late asymptomatic diagnosis (6
weeks-36 months) (n=161); and L SD-late symptomatic diagnosis (n=3080). P. aeruginosa
acquisition was determined from yearly sputum and/or bronchoscopy cultures. Children whose

CF diagnoses followed meconium ileus or whose cultures were obtained only from nasal

samples were excluded from the study.

Results: Kaplan Meer andyses for P. aeruginosa acquisition were conducted for each diagnostic
group. Regression models were used to generate adjusted relative hazards with EAD asthe
referent group. Relative hazards were 0.9 (95% CI: 0.7-1.2) for ESD, 0.8 (95% CI: 0.6-1.2) for

LAD, and 1.0 (95% Cl: 0.7-1.2) for LSD. Therisk of acquiring P. aeruginosa was therefore not



sgnificantly different between children diagnosed early, late, asymptometicdly, or

symptomaticaly.

Conclusions. These data suggest that, despite improvements in other health outcomes from
newborn screening for CF, early asymptomatic diagnosis of CF does not affect P. aeruginosa

acquistion.
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Cydtic fibross (CF) isacommon, serious, genetic disorder, affecting an estimated 30,000
individudsin the United States. The mean age at diagnosis of CF is6 months. Mogt of the
1,000 CF cases diagnosed annually in the U.S. are diagnosed by the time the patient is three
years of age (1). The mgor cause of morbidity and mortdity in CF patientsis from respiratory
infections, which lead to a subsequent decline in pulmonary function. While antibiotics may be
given as prophylaxis, they are more often administered oraly or intravenoudy to control acute

episodes of infection.

By the end of thefirst decade of life, P. aeruginosa is the predominant bacteria pathogen
colonizing the lower respiratory tract in CF patients (2,3,4). Whileit is not the first pathogen to
colonize the lungs of CF patients (5), it is the mgor pathogen contributing to pulmonary disease
and decline in pulmonary function (6, 7, 8, 9, 10,11). Studies have demonstrated significant
associations between P. aeruginosa colonization and impaired pulmonary function, pulmonary
deterioration, and mortality in CF patients (12,13). Once acquired, P. aeruginosa isdifficult to

eradicate (14), often perssting until pulmonary failure and deeth (5, 6, 8, 11).

Respiratory fallure in CF patients is a consequence of lung damage resulting fromintense
inflammatory responses (3, 10, 11, 15). Therefore, while P. aeruginosa colonization is regarded
as aleading contributor to desth in CF patients in combination with lung inflammeation and lung
obgtruction (6, 16), it is the resulting pulmonary insufficiency and respiratory falure that

ultimately lead to morbidity and mortdity in CF patients (5, 8).



A recent dinicd trid in Wisconan demondrated improvementsin nutritiona status, measured

by height and weight, in children identified with CF through newborn screening, compared to
children identified by standard means (usudly with the onset of symptoms) (19). These findings
suggested that newborn screening may lead to improved long-term hedth outcomesin children
with CF. Better nutrition made possible by early diagnosis and treatment might also enable
children with CF to ddlay acquisition of P. aeruginosa, and remain free from infection with this
ubiquitous organism as persons without CF are able to do. However, the sametrid recently
tested the hypothesis that P. aeruginosa would be accelerated with early diagnosis due to
increased interaction with older CF patients and increased exposure (14). Thetrid did not find
that early diagnosisled to adelay or acceleration in P. aeruginosa acquisition (14, 19), but dueto
its limited sample size, it may not have had the power to detect a satigtica difference. AsP.
aeruginosa pathogenesis causes substantial morbidity and mortaity in CF patients, any effect on

P. aeruginosa acquistionin children with CF would be sgnificant.

Usng data from CF patientsin the national Cystic Fibrosis Foundation Patient Registry, we
attempted to determine whether early asymptomatic diagnosis of CF is associated with
acquidtion of P. aeruginosa in thefirst ten years of life. The purpose of newborn screening is
not only to identify newborns with CF, but dso to diagnose CF before clinicd symptoms
present. Inthisstudy, early asymptomatic diagnoss (diagnosis before six weeks of age) is used

to approximate a diagnoss from newborn screening.



METHODS

Study population. The study population for this longitudind study included nearly 4,000

children with CF who were diagnosed between 1982 and 1990, registered in the Cystic Fibrosis
Foundation Patient Registry, and seen at one of the 111 accredited CF care centersin the United
States and followed for up to ten years. The CF Foundation (CFF) supports and accredits CF
care centers nationwide. These centers provide anationa network of specialized care for
persons with CF and offer comprehensive diagnoss and trestment, aswell as participation in
clinicd trids of experimentd thergpies. The CFF has sponsored the patient registry since 1966
(21), requiring all CFF-accredited care centers to complete standardized questionnairesfor all
patients seen in their centers (21). The 1998 Annua Report of the CFF Nationa Patient Registry
reported 21,044 individuas with CF enrolled in the registry or gpproximately 91% of the
estimated 23,000 CF patients under careinthe U.S. (1). Our andysisincluded children
diagnosed with CF within 36 months of age. Only children with annud P. aeruginosa cultures
obtained by bronchoscopy or from sputum samples were included. Children who presented with
meconium ileus, or whose P. aeruginosa cultures were obtained only from nasad samples, were

excluded.

CF Diagnosis. Diagnosis with CF was confirmed at CF care centers by swest test, or by DNA
andyss. We grouped children into four categories. early asymptometic diagnosis (EAD), early
symptomatic diagnogs (ESD), late asymptomatic diagnoss (LAD) and late symptomatic
diagnoss (LSD). Early diagnosis was defined as diagnosis before six weeks of age, and late

diagnoss was defined as diagnosis between six weeks and 36 months of age. We sdlected six



weeks as the threshold for early diagnosis sinceit is considered standard for newborn screening
programs. Asymptomatic diagnosisis defined as diagnosis by family history, genotype, prenata
diagnogis (chorionic villus sampling [CV S], amniocentess), or neonatal screening.

Symptomatic diagnosis is defined as diagnosis due to dlinica presentation with acute or
persstent respiratory symptoms, failure to thrive or malnutrition, steatorrhea, abnormal stools,
malabsorption, dectrolyte imbaance, nasal polyps or sinus disease, rectd prolapse, or liver
disease. In addition to diagnogtic information, the National CF Patient Registry includes
demographic, hedth care indicators, microbiology, lung function, anthropometric, and hedth
gatus information. Methods for collection of this data are described el sewhere (21).
Characteristics specificdly of interest for this study included P. aeruginosa cultures, method of
diagnosis, age at diagnosis, race, gender, acute exacerbation, pancreatic status, year of birth, and

date of hirth.

Statistical methods. Univariate and Stratified anayses were conducted for the cohort at baseline,
which was defined as a CF patient’ sfirst vidt to a CF care center. Statistical significance was

st at p<0.05, two-sded. All andyses were performed with SAS 6.12 for Windows. There was
sufficient power (>80%) to detect decreases or increases in risk for P. aeruginosa acquistion of

atleast 0.8 or 1.2.

Colonization rates for P. aeruginosa by diagnostic category (EAD, ESD, LAD, LSD) were
assessed longitudindly, from time of diagnosis with CF to ten years of age. Colonization of P.
aeruginosa was defined by a positive culture from sputum or bronchoscopy. It should be noted

that between 1982-90, only 85 cultures by bronchoscopy were obtained to identify P aeruginosa



acquistion; the remainder and therefore vast mgority of culturesincluded in this study to

measure colonization and acquisition were ascertained from sputum.  The proportion of patients
colonized with P. aeruginosa was calculated by age; crude and adjusted odds ratios were
caculated at baseline and at one, six, and ten years of age. Adjusted odds ratios were caculated
by multivariate logigtic regresson, adjusting for race, gender, acute exacerbation, pancrestic
insufficiency, year of birth, and state of birth (dichotomized into sates universally screening for
CF and states who are not). All covariates were dichotomized in the model except year of birth,
which was categorized into tertiles (1979-84, 1985-87, 1988-90). Year of birth was origindly
divided into quartiles as seen in Table 1; however, due to the smal number of individuas born in
1979-81, they were combined with individuas born in 1982-84. Acute exacerbation was defined
as hospitdization or home based course of intravenous antibiotic therapy for respiratory illness.
Adjusted odds ratios with 95% confidence intervas for P. aeruginosa colonization are reported

for one, S, and ten years of age.

The data were also analyzed with Kaplan Meer and Cox proportiona hazards regresson models,
with age as the time scde and time to P. aeruginosa acquisition (in years) asthe outcome. P.
aeruginosa acquistion for each CF patient was defined as the first documented positive culture
of P. aeruginosa by sputum or bronchoscopy. Relative hazards were adjusted for race, gender,
acute exacerbation, pancrestic status, year of birth, and state of birth. All covariates were
categorized asin the logistic regresson models. Adjusted relative hazards with 95 percent

confidence intervasfor P. aeruginosa acquisition are reported.



RESULTS

Table 1 digplays demographic and clinical characteristics of al children included in the study at
their basdline vist. The median ages of diagnoses were 3.6 weeks for EAD, 4.2 weeks for ESD,
2.8 months for LAD, and 6 monthsfor LSD. There were no significant differences among the
four diagnogtic groups in gender, ethnicity, or DF508 mutation status. However, there were
ggnificant differences among the groups in race, pancrestic Satus, height and weight, year of
birth, P. aeruginosa colonization, and gate of birth (Table 1). Despite Sgnificant differencesin
height and weight among the four diagnostic groups at basdline, they were not associated with P.
aeruginosa acquistion and their indlusion of height and weight in multivariate models did not

affect the results; they were therefore not included in the final multivariate modd.

Logigtic regression models were used to determine significant differencesin colonization with P.
aeruginosa between the four diagnostic groups while controlling for confounders. Logistic
regresson models controlling for race, gender, acute exacerbation, pancrestic satus, year of
birth, and state of birth demonstrated no differences between the four diagnostic groups with
regards to P. aeruginosa colonization at 1, 6 or 10 years of age (Table 2). Individuas with at
least one reported acute exacerbation, were consistently more likely to be colonized with P.

aeruginosa.

To assesswhether early diagnoss was associated with the acquisition of P. aeruginosa, we
performed a Kaplan Meer andysisfor P. aeruginosa acquistion (defined asthefird vigt in
which aculture is positive for P. aeruginosa) for the four diagnostic categories, by age (Figure

1). A Cox proportiona hazard moded adjusting for race, gender, acute exacerbation, pancrestic



gatus, year of birth, and state of birth did not yield significant differences between rdative

hazards for P. aeruginosa acquigition in ESD, LAD, or LSD groups compared with the EAD
group (EAD) (Table 3). Significantly increased risk of P. aeruginosa acquisition was associated
with at least one acute exacerbation (OR 1.6; 95% Cl 1.5-1.8), being born in alater cohort (1988
and beyond) (OR 1.4; 95% CI 1.3-1.4), and being born in a state not universaly screening for CF

(OR 1.5; 95% CI 1.2-1.9).
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DISCUSSION

AsP. aeruginosa isthe mgor organism contributing to respiratory tract infection and associated
morbidity and mortdity in persons with CF, the god of this study was to determine whether
early diagnogs of CF by newborn screening delays P. aeruginosa acquisition, or accelerates
acquigition due to increased interaction with older CF children. This observationa study of
patients from the Cydtic Fibrosis Foundation Petient Registry did not find significant differences

between the four diagnostic groups (EAD, ESD, LAD, and LSD) in P. aeruginosa acquistion.

Use of the Cydtic Fibrosis Foundation Patient Registry provided many benefits to this study.
Thislarge regidiry offered sufficient sample size and power to examine whether P. aeruginosa
acquisition was delayed in children who were diagnosed with CF asymptomaticaly and before
ax weeks of age. Despite the exclusion criteriaimposed, over 3,600 patients were included in
the andyses. Furthermore, longitudina analysis was possible to assess P. aeruginosa acquistion
with adjustment for possible confounding factors. All multivariate analyses were adjusted for
year of birth due to concern that improving trestments over time could lead to a cohort effect.
State of birth was dso adjusted for in the multivariate andysis, dichotomizing between states
with newborn screening programs for CF (Wisconsin, Wyoming, Colorado) and the remaining
dates in order to control for any differences in treetments in the newborn populations in these
dates. It is possble that children diagnosed in states with newborn screening programs for CF
may have had differences in treetment, possibly affecting P. aeruginosa acquisition or

colonization, the outcome of interest.

11



This study found that children who were born more recently, in a state without NBS for CF, and
who had at least one acute exacerbation were at sgnificantly increased risk for P. aeruginosa
acquistion. The association between recent births and P. aeruginosa acquisition may be dueto
the increasing ability of the clinics to obtain cultures from newborns, who normaly do not have
the ability to produce sputum for culture. The association between children from states without
universal screening for CF and P. aeruginosa acquisition is unclear snce universal screening
was initiated midway through theinclusion period (1982 to 1990). The association between
pancrestic status (insufficiency) and P. aeruginosa acquistion is plausible and may be serving as
aproxy for DF508 mutational status, which has been demondtrated to be involved in bacteria
colonization. Lastly, the association between acute exacerbation and P. aeruginosaisaso a
plausible one. Children reporting one or more acute exacerbations at the time of their annud
examinations are not only more susceptible to infection due to their respiratory complications,
but may aso have increased exposure to organisms from their hospitalization, leading to
subsequent detection of colonization at their next CF clinic vist. However, it is unclear whether
acute exacerbations preceded P. aeruginosa colonization or whether colonization leed to the
documented hospitalization or home based course of intravenous antibiotic therapy for

respiratory illness.

There are severd issues that must be consdered when interpreting these findings. Firs, thiswas
an observationa study and there were unmeasured factors that cannot be controlled for asthey
might bein a controlled clinical trid such as accessto care. Other biases include possble
selection bias, for example, while the registry includes most CF patients under carein the U.S,,

those who are not enrolled in the clinics may be older in age and hedlthier in generd (21).



Excluding persons who remain asymptomatic for over three years may aso have biased our
andysisto include asicker cohort. Neverthdess, it isimportant to note these biases would be
minima since the mgority of CF patients are diagnosed by three years of age. Inclinica

practice, the hedthiest non-sputum producing patients may be less likely to have cultures, again
biasng the cohort to sicker patients and higher P. aeruginosa rates. This bias would gpply to the
entire cohort, equaly to each diagnostic category; however, the sicker referent group would

meake differences between the groups more difficult to identify (21).

Thereis no standard method for detecting P. aeruginosa in lower arwaysin this registry; while
potentia for misclassfication was reduced by excluding cultures from nasal samples, the
mgority of cultures were obtained from sputum with aminima number of cultures obtained by
bronchoscopy. Methods for ascertaining culture were limited to culture obtained by sputum,
from throat/nasal swab, or by bronchoscopy. Therefore, for this study, culture from sputum was
the best available method for identifying lower respiratory infection. Furthermore, not every
patient was cultured for P. aeruginosa in any given year. Therefore, logistic regresson modds
at specific age groups do not indude dl digible children in the population. Egtimates of risk
cdculated longitudindly are therefore more rdiable than estimates from cross-sectiond data, as
al children wereincluded for thisandyds. Inthisandyds, P. aeruginosa acquistion was
defined asthe firgt positive culture documented in the registry. As cultures were not necessarily
atained every year, there is potentid for delayed identification of acquisition, possibly resulting

in amore conservative estimate of risk for the overall time period.
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The Wiscongn dinicd trid compared P. aeruginosa acquisition of patients diagnosed through
neonata screening and trested in early infancy with those identified by stlandard diagnostic
methods. While they found no differences in acquisition between the diagnostic categories, there
were differences when dratified by the type of CF care center. A significant difference was
observed with earlier acquigtion of P. aeruginosa in an urban CF care center where there was
more opportunity for socia interactions between younger CF patients and older CF patients (14).
Subsequent analyses further identified the use of aerosols (aerosolized saline, bronchodilators,

antibiotics, or DNase) to be the sgnificant risk factor for P. aeruginosa acquisition (22).

Despite the limitations discussed, the CFF Petient Regisiry cohort offers unique opportunities to
longitudindly investigete P. aeruginosa acquisition in CF patients. The results presented in this
study are consistent with those observed in the Wisconsin Clinica Trid, where acquisition for P.
aeruginosa was not associated with early diagnosis of CF. Policy decisions regarding newborn
screening for CF should include P. aeruginosa acquisition among the health outcomes to be

consdered.
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TABLE 1. Demographic characteristics of cystic fibrosis patients (n=3625) from the Cystic Fibrosis Foundation
Patient Registry at time of diagnosis (1982-1990), excluding those diagnosed greater than 3 years of age or with
meconium ileus.*

EAD ESD LAD LSD

Characteristic (n=157) (n=227) (n=161) (n=3080) p value

Age:
Median 3.6 wks 4.2 wks 11.4 wks (2.8 mo) 25 wks (6 mo) 0.001
Range birthto <6wks  birth to <6 wks 6 wks-36 mo 6 wks-36 mo

Gender:
Mae 78 (50%) 130 (57%) 80 (50%) 1639 (53%) 0.379
Femde 79 (50%) 97 (43%) 81 (50%) 1441 (47%)

Race:
White 156 (99%) 223 (98%) 160 (99%) 2931 (95%) 0.012
Black 1(1%) 4 (2%) 1(1%) 128 (4%)
Other 20 (1%)

Ethnicity:
Non-Hispanic 147 (95%) 213 (97%) 152 (96%) 2860 (95%) 0.591
Hispanic 8 (5%) 6 (3%) 6 (4%) 136 (5%)

DF508 status:
F508/F508 56 (58%0) 55 (50%) 49 (54%) 751 (54%) 0.562
F508/other 12 (13%) 23 (21%) 16 (18%) 216 (16%)
F508/unknown 21 (22%) 17 (16%) 19 (21%) 264 (19%)
Other 7 (7%) 14 (13%) 6 (7%0) 153 (11%)

Pancreatic status:
Insufficient 12 (86%) 15 (100%) 16 (89%) 311 (96%) 0.022
Sufficient 2 (14%) 2 (11%) 14 (4%)

NCHS height
<5" percentile 14 (10%) 49 (24%) 25 (17%) 1208 (42%) 0.001
>5" percentile 126 (90%) 157 (76%) 120 (83%) 1642 (58%)

NCHS weight
<5" percentile 27 (18%) 59 (27%) 32 (21%) 1421 (48%) 0.001
>5'" percentile 120 (82%) 160 (73%) 123 (79%) 1543 (52%)

P. aeruginosa
cultured positive 3 (4%) 13 (12%) 7 (9%) 288 (20%) 0.001
cultured negative 75 (96%) 92 (88%) 74 (91%) 1169 (80%0)

Birth year:
1979-81 2 (1%) 1(1%) 10 (6%) 273 (9%) 0.001
1982-84 48 (31%) 75 (33%) 53 (33%) 1007 (33%)
1985-87 66 (42%) 82 (36%) 54 (34%) 1083 (35%)
1988-90 41 (26%0) 69(30%) 44 (27%) 717 (23%)

State of birth:
wI, COWY 55 (35%) 10 (4%) 35 (22%) 91 (3%) 0.001
All others 101 (65%) 217 (96%) 125 (78%) 2975 (97%)

*Due to missing data, numbers reported by characteristic may not add up to total number of individuals for each
diagnostic group.



TABLE 2. Find logidtic regresson modd for P. aeruginosa colonization in CF patients,
measured via bronchoscopy and sputum, at ages 1, 6 and 10 years, by diagnosis (excluding
patients with meconium ileus or diagnosed greeter than 3 years of age).

1year 6 year 10 year
Variable OR (95% Cl) OR (95% Cl) OR (95% Cl)
ESD* 1.3 (0.5, 3.3) 0.9 (0.4, 1.9) 1.2 (0.6, 2.5)
LAD* 1.1 (0.4, 3.1) 2.1(0.9,5.3) 1.0 (0.5, 2.3)
LSD* 1.0 (0.5, 1.9) 1.2 (0.7, 2.3) 1.0 (0.6, 1.6)
Race (referent: White) 1.7 (0.8, 3.8) 1.0 (0.5, 1.9) 1.4 (0.7, 2.8)
Gender (referent: male) 1.2(0.9,1.7) 1.3(1.0,1.7) 1.3(1.0,1.6)
Acute Exacerbation 1.8(1.3, 2.5) 3.0(2.2, 4.0) 1.8 (1.4, 2.3)
Pancreatic status** - 1.7 (0.9, 3.3) 2.6 (1.3, 5.5)
Year of birth ** 1.0 (0.8, 1.2) 1.0 (0.8, 1.2) 1.0 (0.9, 1.3)
State of birth 2.4(0.9, 6.5) 2.0 (1.0, 4.0) 1.3(0.7, 2.4)

(referent: WI, CO, WY)

* ESD-early symptomatic diagnods, LAD-late asymptomatic diagnoss, L SD-late symptomatic

diagnosis, EAD-early asymptomatic diagnosis (referent)

** Pancrestic Satus was not assessed in children at one year of age and therefore not included in
the logistic regresson modd for 1 year of age.
***Year of birth categorized into three groups:1979-84, 1985-87, and 1988-90; the number of
individuasin the 1979-81 quartile was too smdl for andysis by quartiles.



TABLE 3. Find cox proportiona hazards moded for P. aeruginosa acquisition in CF patients,
measured via bronchoscopy and sputum, by diagnoss (excluding patients with meconium ileus or
diagnosed greater than 3 years of age).

Variaodles Rdative Hazards (95% ClI)
ESD* 0.9 (0.7,1.2)
LAD* 0.8(0.6, 1.2)
LSD* 1.0 (0.7, 1.2)
Race (referent: White) 1.0(0.8, 1.3
Gender (referent: mae) 11(1.0,1.2)
Acute exacerbation 16(15,1.8)
Pancreatic status 1.4 (1.0, 2.0)
Year of birth 1.4 (1.3, 1.4)
State of birth (referent: WI, CO, WY) 15(1.2,1.9)

* ESD-early symptomatic diagnods, LAD-late asymptomatic diagnoss, L SD-late symptomatic
diagnosis, EAD-early asymptomatic diagnosis (referent)

**Year of birth categorized into three groups:1979-84, 1985-87, and 1988-90. The number of
individudsin the 1979-81 quartile was too smdl for analyss by quartiles.
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FIGURE 2: Kaplan Meier analysis of pseudomonas acquisition in CF patients measured through sputum or
bronchoscopy, from ages 1-10 years, by diagnosis (excluding patients with meconium ileus).
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Figure 1. Kaplan Meier analysis of Pseudomonas acquisition in CF patients measured through sputum and/or
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bronchoscopy, from ages 1-10 years, by diagnosis (excluding patients with meconium ileus).
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Age
Oy
1y
2y
3y
4y
Sy
6y
7y
8y
9y
10y
11lyo
12yo
13yo
14yo
15yo

EAD

1
0.9798
0.9192
0.7576
0.6263
0.5556
0.4545
0.4127
0.3235
0.2636
0.2497
0.1605
0.1022

ESD

1
0.9343
0.854
0.7737
0.6569
0.562
0.5182
0.422
0.3439
0.2829
0.2122
0.1768
0.136
0.085
0.0638

LAD

1
0.9667
0.9222
0.8667
0.6889
0.5889
0.5222
0.4324
0.4207
0.3588
0.2936
0.2536
0.2088
0.1906
0.1234
0.1234

LSD

1
0.9621
0.872
0.7643
0.6464
0.5456
0.4521
0.3742
0.3143
0.2619
0.2123
0.161
0.1225
0.1019
0.0688
0.0497
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